Design of potent 9-mer antimicrobial peptide analogs of protaetiamycine and investigation of mechanism of antimicrobial action.
Protaetiamycine is an insect defensin, a naturally occurring 43-amino-acid-residue antimicrobial peptide derived from the larvae of the beetle Protaetia brevitarsis. In a previous work that aimed at developing short antibiotic peptides, we designed 9-mer peptide analogs of protaetiamycine. Among them, RLWLAIGRG-NH2 showed good antifungal activity against Candida albicans. In this study, we designed four 9-mer peptide analogs based on the sequence of RLWLAIGRG-NH2, in which Gly or Ile was substituted with Arg, Lys, or Trp to optimize the balance between the hydrophobicity and cationicity of the peptides and to increase bacterial cell selectivity. We measured their toxicity to bacteria and mammalian cells as well as their ability to permeabilize model phospholipid membranes. Substitution of Arg for Gly9 at the C-terminus (9Pbw1) resulted in two- to fourfold improvement in antibacterial activity. Further substitution of Gly7 with Lys (9Pbw2 and 9Pbw4) caused four- to eightfold improvement in the antibacterial activity without increase in cytotoxocity, while substitution of Gly7 with Trp (9Pbw3) increased cytotoxicity as well as antibacterial activity. The peptides 9Pbw2 and 9Pbw4 with the highest bacterial cell selectivity were not effective in depolarizing the membrane of Staphylococcus aureus cytoplasmic membranes and showed almost no leakage of a fluorescent dye entrapped within the vesicles. Gel-retardation experiments indicated that 9Pbw2 and 9Pbw4 inhibited the migration of DNA at concentrations >20 microM. Three positively charged residues at the C-terminus in 9Pbw2 and 9Pbw4 may facilitate effective penetration into the negatively charged phospholipid membrane of bacteria. The results obtained in this study suggest that the bactericidal action of our potent antibacterial peptides, namely 9Pbw2 and 9Pbw4, may be attributed to the inhibition of the functions of intracellular components after penetration of the bacterial cell membrane.